Remeasurement and chronosequence techniques were used to describe early development in three Adirondack northern hardwood stands for up to 26 years following shelterwood seed cutting to 35±65% canopy cover. Earlier herbicide treatments had controlled dense American beech (Fagus grandifolia) understories in the stands, leaving them devoid of advance regeneration. Deer (Odocoileus virginianus borealis) had also been reduced by hunting and through natural losses. Findings showed that total stems (stems!0.3 m tall) and saplings (stems!2.54 cm DBH) followed distinct patterns of development among the stands. Total stems peaked around ®ve years after seed cutting, suggesting that most new individuals had initiated by that time. By 10 years total stems were declining substantially, indicating that crown closure had occurred and growing space was becoming limiting within the new cohort. By 19 years sapling abundance had peaked, and by 26 years numbers had begun to decline. Non-linear regression techniques were used to model consistent patterns of development among the stands. Observed patterns of self-thinning were related to the timing of canopy closure and subsequent strati®cation within the new cohort. #
Introduction
The regeneration period has been described as the most dynamic and critical time in the development of a new age class (Hibbs, 1983; Marquis, 1987) . For that reason, much regeneration research in northern hardwoods has focused on determining the threshold levels of early stocking required to ensure success, with particular emphasis on even-aged reproduction methods (Marquis, 1987) . Development of these criteria has generally been driven by concerns related to species composition, the spatial distribution and number of stems, the status of interfering vegetation, and potential losses to herbivory. In most cases the research has focused on the ®rst decade following a regeneration treatment, with limited attempts to describe the later condition of the developing cohort. As a result, there is a general lack of information detailing early patterns of development following even-aged reproduction method cutting in northern hardwoods. In contrast, stand development is well documented beyond 40±60 years when cultural treat-ments become feasible (Roach and Gingrich, 1968; Leak et al., 1969; Marquis et al., 1984) . A better understanding of the entire process of cohort development in these northern hardwood communities will require consideration of both early and intermediate stages.
Although the earliest stages of cohort development appear chaotic, some degree of order becomes increasingly apparent as these stands move into the aggradation (Bormann and Likens, 1979) or stem exclusion (Oliver, 1981) phase of development. Total numbers of stems decline as stand biomass increases. Differing growth rates of component species can signi®cantly affect structural attributes of an emerging community (Hibbs, 1983; Wang and Nyland, 1993) , as can the spatial arrangement and initial height of any advance regeneration (Wang and Nyland, 1993; Oliver and Larson, 1996) . These features must be taken into consideration when evaluating patterns of cohort development. Kelty and Nyland (1981) used a chronosequence approach to describe regeneration development through 11 years in six Adirondack stands that received shelterwood seed cuts. Consistent with earlier work, their ®ndings demonstrated the bene®t of understory beech control and a concurrent reduction of deer browsing pressure for regenerating diverse and commercially desirable stands (Tierson, 1967; Richards and Farnsworth, 1971) .
Although past research has provided conceptual models of even-aged stand development (Bormann and Likens, 1979; Oliver, 1981) , patterns of early cohort development have not yet been fully described based upon empirical evidence. Both Kelty (1987) and Hannah (1988) summarized available regeneration data following shelterwood seed cutting in northern hardwoods. The research reported here sought to: (1) determine whether there was a discernible pattern of development among these Adirondack northern hardwood stands following shelterwood seed cutting preceded by understory beech control and reduced deer browsing pressure; (2) develop regression models describing the composite of the remeasurement and chronosequence regeneration data that might depict a consistent developmental pattern; and (3) provide continuity to the existing description of stand development in even-aged northern hardwoods.
Methods

Study area
We studied three shelterwood stands located on the Archer and Anna Huntington Wildlife Forest at Newcomb, New York, in Hamilton and Essex counties in the central Adirondack Mountains (latitude 4480 H N, longitude 72815 H W). Local climate is cool and moist with a mean annual temperature of 68C (January mean of À98C and a July mean of 198C). Precipitation occurs evenly throughout the year and averages 101.6 cm, with 250±500 cm of snow. The mean annual frost-free period is 122 days.
Soils on the property are of glacial till origin, variable in depth, and patchy in distribution. Soils on the mid-slope hardwood-dominated sites described in this study were Typic Haplorthods, occurring within Becket mapping units, consisting typically of deep, moderately well-drained, strongly acid, moderately coarse textured soils with a fragipan (Simon, 1979) .
Northern hardwood communities dominate the better drained mid-slope sites on the Huntington Wildlife Forest. Sugar maple (Acer saccharum), American beech, and yellow birch (Betula alleghaniensis) occur in variable proportions, but collectively comprise the majority of basal area. Common associates include white ash (Fraxinus americana), red maple (Acer rubrum), black cherry (Prunus serotina), American basswood (Tilia americana), American elm (Ulmus americana), white birch (Betula papyrifera), and bigtooth (Populus grandidentata) and quaking (Populus tremuloides Michx.) aspens. Red spruce (Picea rubens), balsam ®r (Abies balsamea), white pine (Pinus strobus) and hemlock (Tsuga canadensis) occur as scattered individuals in these stands. The stands used for the study reported here had this initial composition, but the cuttings primarily left sugar maple as seed trees.
The uneven-aged structure of the`old-growth' (softwoods, largely red spruce and eastern hemlock, were removed from these stands in the late 1800s, otherwise they were unmanaged) communities has favored the development of shade-tolerant understory vegetation (beech and sugar maple) over time (Sage, 1983) . While sugar maple is numerous in the smaller size classes (up to 123 550/ha<0.5 m tall), beech typically accounts for 70±95% of the larger understory stems (1975 to 3460/ha), often forming distinct subcanopies between 2 and 7.5 m in height. The understory dominance of beech has been attributed to a combination of factors. Beech is extremely shadetolerant and overstory conditions in these stands are suitable for its development. Its prevalent regeneration mechanism of root suckering aids in its proliferation. Also, deer do not browse intensively on beech. Over time it has become the principal understory species on hardwood sites throughout much of the central Adirondacks (personal observation).
Control of beech and herbivory
A combination of herbicide treatments and deer density regulation have proven necessary to control the dense understories and effectively regenerate diverse and commercially viable stands on the Huntington Wildlife Forest (Tierson, 1967; Richards and Farnsworth, 1971; Kelty and Nyland, 1981) . The treatments must precede any reproduction method cutting. Therefore, site preparation included understory mistblowing with 2,4,5-T prior to seed cutting to eliminate existing woody vegetation to heights of 4.5± 6 m from each of the study sites. Remaining understory beech 2.54±20 cm DBH were killed by individual stem treatment. Although 2,4,5-T is no longer available for commercial application, similar effects have been achieved using glyphosate (Roundup) and triclopyr (Garlon) for controlling beech understories in the Northeast (Ostrofsky and McCormack, 1986; Horsley, 1994) . Beech stems of merchantable size (>20 cm) were removed during seed cutting operations, effectively eliminating this species as a residual tree (Kelty, 1979; Sage, 1983) . As a result of these treatments, the three study sites lacked both residual understory trees and advance regeneration at the time of seed cutting.
Deer population density was estimated at 10 animals/km 2 on the Huntington Wildlife Forest in 1966. At that level, it essentially precluded the establishment of desirable regeneration (Kelty, 1979) . Controlled hunts on the northern half of the property between 1967 and 1969 reduced the density to 5 animals/km 2 . No further hunting occurred during the regeneration period of the three shelterwood stands discussed here (last seed cutting completed in 1979). Yet deer populations remained between 5 and 6 animals/km 2 through 1978, probably because periodic harsh winters maintained these population levels.
The shelterwood stands
Stand I is 14 ha and was sampled at 4, 5, 7, 9, and 16 years following seed cutting. Seed cutting began during the summer and extended through the winter of 1979. Seed trees consisted largely of sugar maple with a residual canopy cover of %35% at four years after treatment. At that time, the stand averaged 69 trees/ha at least 12 cm DBH (poles), and 25 trees/ha at least 29 cm DBH (sawtimber). This translates to an average spacing of %12 and 20 m, respectively. Sixteen years following seed cutting, the widely-spaced residual seed trees remained in place, averaging 8 m 2 of BA/ ha at that time (percent canopy cover was not measured at that time). Stand I was part of a 61 ha management block treated as a single unit. Of the 216 systematically located permanent regeneration plots, 168 (78%) occurred off the skid trails. We used these for the analysis. Partial samples were taken at ages 5, 9, and 16. At those dates 45, 40, and 83 of the plots were tallied, respectively.
Stand II is 4 ha and was sampled 13 and 20 years following treatment. Seed cutting during the winter of 1975±1976 left predominantly sugar maple trees, with a residual canopy cover of %58% two years after seed cutting. At 14 years, the stand had 190 trees/ha at least 12 cm DBH, and 54 trees/ha at least 29 cm DBH. This translated to an average spacing of %7 and 13 m, respectively. Twenty years following seed cutting the residual overstory remained in place, averaging 15 m 2 of BA/ha at that time (percent canopy cover was not measured at that time). The study site was part of a 36 ha management block treated as a single unit. Forty-seven systematically located permanent regeneration plots occurred within the inter-trail spaces.
Stand III was divided into three blocks, each 3 ha in size. All blocks were sampled at 14, 19, and 26 years following treatment. Seed cutting during the winter of 1968±1969 left primarily sugar maple trees with residual canopy cover of 64% at 10 years, when it was removed. Stand III was part of a 134 ha management block treated as a single unit. Of the 120 permanent sample plots, 110 (92%) located off the skid trails were used for the analysis.
Permanent regeneration plots were systematically located within each of the study stands. Plots landing on major skid trails, large rocks or ponded water were either relocated (Stand II) or excluded from the analysis (stands I and III). Earlier assessments indicated that these microsites commonly fail to regenerate (Kelty and Nyland, 1981; Walters and Nyland, 1989) and that the proportion of total area in skid trails varies widely by stand. By dropping these plot locations, the observations re¯ect cohort development within the inter-trail spaces, where surface conditions would not preclude regeneration establishment.
Regeneration was tallied by species for total stems (stems!0.3 m tall), and by species and diameter for saplings (stems!2.54 cm DBH). Since seed cutting left primarily large-diameter residuals, the regeneration tally includes only trees that established following treatment. Saplings were measured to the nearest 0.01 cm (except for measurements through year 9 in Stand I and for year 14 in Stand III, when saplings were simply counted). We used 1.13 m radius (0.0004 ha) regeneration plots through year 9 in Stand I and through year 14 in Stand III. Plot size was increased over time to stabilize variation in stem counts between plots. The original 1.13 m radius plots were increased to 2 m radius (0.001 ha) plots at ages 13 or 14 following treatment.
This study takes no direct account of woody species not capable of attaining overstory positions [e.g. witch hobble (Viburnum alnifolium) and elderberry (Sambucus spp.)], and their presence is not re¯ected in the analyses. None of these species occurred at suf®cient density to have noticeable effects within these regenerating stands.
Analysis
Data from the three stands provide an overlapping chronosequence of early cohort development through 26 years following shelterwood seed cutting: from 4 to 16 years in Stand I, from 13 to 20 years in Stand II, and from 14 to 26 years in Stand III. In stands I and II, the seed trees have been retained as an evaluation of reserve shelterwood method. They will eventually provide long-term examples of the manner in which two-aged northern hardwood communities develop. Yet in both cases the seed trees are widely spaced and the new cohort remains well illuminated from above.
Initially, mean stem counts were plotted against time separately by size class for all stands and blocks combined. These plots suggested a common trend in regeneration behavior among stands. However, formal statistical tests to justify integrating the data were complicated both by the limited overlap in remeasurement intervals between stands and by changes in the nature of the response curve (e.g. ingrowth was an increasing function in the youngest stand and a decreasing function in the oldest).
Analysis of variance and mean separation procedures were conducted on log-transformed (plot-level) stem counts to identify signi®cant differences between blocks for total stems and saplings at each measurement period in Stand III. A log transformation on the dependent variable was required to satisfy the assumptions of this analysis. Results revealed no signi®cant differences between blocks within Stand III, so these data were pooled.
Dummy variable analysis was used to test the similarity of regression lines and justify pooling of stand-level data. This procedure is appropriate where a single model can describe the line segments being compared. In our case, plots of the data indicated that stem counts for all size classes made transitions from increasing to decreasing functions over time. With one exception, the amount of overlap in measurements between stands did not adequately incorporate these transitions within a single model. Log-transformation of total stems allowed a comparison among truncated line segments (Stand I ± years 9 to 16, Stand II ± years 13 to 20, and Stand III ± years 14 to 19) by this methodology. Results revealed no signi®cant differences among the regressions developed for the three stands, even though they had different degrees of overstory cover through the sampling period. Available data for the sapling class did not permit these formal testing procedures. Justi®cation for modeling the development of the sapling size class was informal, based primarily on the recognition of consistent trends in the data. Analyses were conducted using SAS (SAS Institute Inc., 1990) .
A composite model depicting changes in stem densities over time was developed using non-linear regression techniques. Total stems and saplings were modeled with the same equation, using time since treatment as the only predictor variable (Ratkowsky, 1990 ):
where Y is stem density, X the time since treatment, e the base of the natural logarithm, and a, b and c the estimated regression parameters. Trials with several different models suggested that Eq.
(1) best represented our data. Means were determined at the stand level, and those values were used to estimate model parameters (Table 1) . Residuals were normally distributed for both regressions. Pseudo R 2 values, given by SSR/SST, where SSR is the sum of squares accounted for by the regression and SST is the uncorrected total sum of squares, were calculated for both regressions. By those criteria, our results indicate these models provide a good ®t for the data (Table 1) .
Results
Stem density
Available data were used to characterize the ®rst quarter century of cohort development following shelterwood seed cutting in three Adirondack northern hardwood stands. Observations from Stand I depict the earliest stages of cohort development (Table 2) . Total stems were most abundant at year 5. Stem counts remained high through age 9 (89 000/ha in Stand I), but by ages 13 (42 000/ha in Stand II), and 14 (46 000/ ha in Stand III) had declined markedly. Sixteen years following seed cutting (29 000/ha in Stand I), average stem counts had declined further. Between ages 19 (22 000/ha in Stand III) and 20 (13 000/ha in Stand II) and age 26 (11 000/ha in Stand III), the rate of decline in numbers of stems appeared to slow (Fig. 1) .
Sapling ingrowth was appreciable by age 9 (900/ha in Stand I) ( Table 2) . By ages 13 (3600/ha in Stand II), and 14 (4200/ha in Stand III), numbers had increased substantially. Through ages 16 (5800/ha in Stand I) and 19 (6300/ha in Stand III), sapling abundance continued to increase. The 26 year remeasurement (5800/ha in Stand III) suggested that saplings had begun to decline by that time. The model (Fig. 2 ) re¯ects this pattern, indicating that saplings were most abundant %22 years after seed cutting. 
Stocking
Stocking criteria provide a means for assessing the distribution of growing stock across the regeneration area. Individual plots were considered stocked if they contained at least one stem meeting the given measurement criteria (stems!0.3 m tall or !2.54 cm DBH). At the time of ®rst measurement, four years following seed cutting in Stand I, 100% of the 0.0004 ha regeneration plots had at least one tree !0.3 m tall (total stems). By age 16, over 95% of the 0.0001 ha plots contained at least one sapling (!2.54 cm DBH). Thirteen years following seed cutting in Stand II, 100% of the 0.001 ha plots were stocked with total stems, while saplings were present on over 90%. By age 20, over 95% of plots were stocked with at least one sapling. At age 14 in Stand III saplings were present on %75% of the 0.0004 ha regeneration plots. By age 19, nearly 100% of 0.001 ha plots were stocked with at least one sapling. Sapling stocking remained near 100% through age 26 on the 0.001 ha plots in Stand III.
Basal area and diameter development
Saplings were used to describe cohort development in terms of diameter and basal area (BA). Saplings were ®rst measured in Stand I at age 16, when stand BA averaged 8.6 m 2 /ha (Table 3) . Yellow birch was the most abundant species, contributing 70% of total stand BA.`Other' species, primarily pin cherry, accounted for most of the remainder (27%). The quadratic stand diameter (QSD), given by the diameter of the sapling of mean BA, was 4.4 cm. At age 13 in Stand II, sapling BA averaged 4.9 m 2 / ha, with a QSD of 4.2 cm (Table 3) . By age 20, sapling BA was 8.8 m 2 /ha and the QSD had increased slightly to 4.9 cm. Over that period, BA increment averaged 0.6 m 2 /ha/year. Twenty years after seed cutting, sugar maple accounted for 33% of stand BA, while beech, Table 3 ). Over that same period, stand QSD rose from 5.5 to 6.7 cm DBH. Yellow birch was the most abundant species, accounting for 40% of stand BA at age 26. Beech and sugar maple combined accounted for 31% of stand BA at that time.
Effects of the residual overstory
Shelterwood method prescribes removal of the seed trees when suf®cient numbers of desirable seedlings become established and no longer bene®t from protective cover. Past research conducted at the Huntington Wildlife Forest suggests that requisite conditions tend to develop by 2±10 years following seed cutting in these communities (Kelty and Nyland, 1981) . By the end of one decade all three stands had suf®cient numbers of free-to-grow trees (>12 350/ha). Yet overstory removal has taken place only in Stand III. Seed trees were retained in the other stands to serve other research objectives. Yet if retention of the seed tress in stands I and II had signi®cantly affected the development of the new cohort, the new trees should have noticeably lower heights and the stands should exhibit lower stocking of the less shade-tolerant species. Contrary to this, data gathered from Stand I at age 16 indicated that dominant trees of the new cohort were consistently between 8 and 10 m tall. Total heights exceeded 10 m in stands II (age 20) and III (age 26). Proportions of total stems of the less shadetolerant species were 48, 15, and 25% in stands I, II, and III, respectively. In stands I and II the less shadetolerant saplings largely maintained their status over time (Table 3) . Data collected from Stand II at age 2 and Stand III at age 10 ( Kelty, 1979) indicated the species composition of these areas also remained fairly uniform over time. In combination, this evidence suggests that shade from the widely spaced reserve trees in stands I and II had not profoundly affected development of the new age class for up to 20 years after seed cutting.
The seed trees in Stand III were removed at age 10. Logging broke off or uprooted regeneration on 25% of the plots. Subsequent recovery to near full stocking largely resulted from resprouting of damaged stems (Kelty and Nyland, 1981) .
Discussion
Data from the research demonstrate that shelterwood seed cutting in conjunction with the control of interfering vegetation and herbivores successfully regenerated old-growth northern hardwood stands at the Huntington Wildlife Forest in New York's Adirondack Mountains. In fact, a single discernible pattern of cohort development emerged for both total stems (!0.3 m tall) and saplings (!2.54 cm DBH) across these northern hardwood communities. The overall pattern of development appears to be the same for stands with and without overstory removal by age 10 years. This ®nding likely re¯ects the wide spacing between reserve trees in stands I and II.
The chronosequence developed from the three stands indicates that total stems were most abundant approximately ®ve years after seed cutting. By contrast, work in other areas has indicated that total stem densities and species diversity may peak between two and four years following an even-aged regeneration cutting (Bormann and Likens, 1981; Hibbs, 1983; Metzger and Schultz, 1984; Marquis, 1987) . The delay in tree community reorganization at Huntington Wildlife Forest most likely re¯ects the absence of advance regeneration due to the understory herbicide treatment used to prepare the site before seed cutting.
Periodic seed shed by mature trees often results in ephemeral¯ushes of small seedlings that do not persist in the understory of developing even-aged communities. In managed northern hardwood stands in upper Michigan, numbers of seedlings <0.5 m tall uctuated substantially from year to year (Metzger and Schultz, 1984) . In Pennsylvania similar variability was attributed to periodic seed shed by the residual shelterwood overstory, and subsequent seedling mortality (Horsley and Marquis, 1983) . Like patterns were observed in the recently regenerated Huntington Wildlife Forest stands where the seed trees remained in place. Thus, to minimize the effect of these ephemeral pulses on model predictions, we de®ned total stems as those !0.3 m tall.
Observations in the three stands described here, in stands on the Allegheny plateau in central New York (Walters and Nyland, 1989) , and in southeastern British Columbia (Oswald and Brown, 1993) document only limited establishment and growth of free regeneration on main skid trails. Also, the proportion of area allocated to skid trails varies from one stand to another without a consistent pattern. Thus, by eliminating advance regeneration through understory mistblowing treatments, and omitting the plots located on skid trails, the ®ndings point to a baseline for stocking following commercially implemented shelterwood seed cutting.
Consistent with ®ndings of Kelty and Nyland (1981) and Walters and Nyland (1989) , stem counts within the inter-trail space did not decline substantially over the ®rst decade of even-aged stand development. Rubus is typically dominant early in the regeneration period following even-aged reproduction method cutting, at least until trees grow up above it in suf®cient numbers to begin forming a closed canopy. Our data indicate that between ages 7 and 9, many trees had grown to above 2 m tall and began to overtop the Rubus. Thereafter, that species declined in abundance and dominance.
Findings from other research indicate the ®rst wave of mortality in a young cohort can be quite distinct (Oliver and Larson, 1996) . Similarly, our model for total stems (Fig. 1) in the Huntington Wildlife Forest shelterwood stands indicates a substantial reduction in stem counts between ages 9 and 13. This supports earlier research, indicating that crown closure had occurred by about that time, and the trees had begun to stratify into discernable crown classes (Wang and Nyland, 1993) .
Only limited amounts of ingrowth into the sapling size class were observed over the ®rst decade of cohort development. Sapling abundance increased substantially beyond age 10, with the model suggesting a slowing of sapling ingrowth between ages 15 and 20, and a declining trend beyond that point (Fig. 2) . By age 26, all stems in main canopy positions were saplings, whereas at ages 16 (Stand I) and 20 (Stand II) only 44 and 67%, respectively, had grown that large.
Using total stems and saplings as stocked-plot criteria, and considering only plots located within the inter-trail spaces, nearly 100% of plots were stocked with at least one qualifying stem during the study period. Total stems were well represented by age 4, and saplings by age 14 (stands I and II, respectively). These data indicate when a relatively homogeneous spatial distribution of stems, by size class, was attained in these stands. Among all saplings at age 20 (Stand II), 69% were commercial species, yet 81% of plots were stocked with at least one stem of these preferred species. At age 26 (Stand III), only 66% of all saplings were commercially desirable, but 99% of plots were stocked with at least one commercially valuable stem. However, since we did not classify stems by crown position, our stocking assessment likely provides an overly optimistic view of those conditions. Past research has indicated that shifts in species dominance occur during cohort development, with a tendency towards eventual site dominance by the longer lived species (Horn, 1975; Bormann and Likens, 1981; Hibbs, 1983; Wang and Nyland, 1993; Arthur et al., 1997) . Our data appear consistent with those earlier ®ndings.
Over time, self-thinning reduces the total number of trees in even-aged stands at high levels of relative density. At the same time, BA increases towards à type-speci®c' maximum level over time. Consistent with various general development models (Bormann and Likens, 1979; Oliver, 1981) , basal area increased in a consistent pattern across the stands. Yet the magnitude of change differed, particularly between stands II and III (Table 3) . Stand III had a higher BA at age 19 than Stand II at age 20. Stand I was intermediate to the others at age 16. These differences likely re¯ect a variation in species composition within the new cohort, in that stands I and III had the highest proportion of basal area in intermediate and shadeintolerant species. These at least initially grew more rapidly than the sugar maple and beech. The overall pattern of BA development is consistent with the concept of maximum relative density, where undisturbed even-aged stands in a given forest type tend to follow a common trajectory of development (Gingrich, 1967; Leak et al., 1969; Roach, 1977; Stout and Nyland, 1986) . The effect of processes that regulate stand density is evidenced by the similarity in numbers of stems among blocks over time within Stand III. Perhaps more important, our success at modeling patterns of development across the three stands supports the idea that these patterns are robust across a range of overstory residual densities and species compositions within the new cohort.
Canopy closure precedes self-thinning in undisturbed single-cohort stands. Accepted hypotheses suggest that horizontal canopy coverage remains relatively stable following canopy closure, at least early in the aggradation period (White, 1981; Long and Smith, 1984; Zeide, 1991) . If we assume that canopy closure occurred around year 10 in these cohorts, and that this led to strati®cation and selfthinning, then the composite model presented for total stems (Fig. 1) portrays the maximum level of stocking (in terms of numbers of stems) beyond that point. Yet, since the shade-tolerant species can persist in subordinate crown positions, and shade-intermediate species may succumb somewhat slowly to competition as strati®cation progresses, the composite model depicting development of the sapling size class (Fig. 2) may provide an accurate depiction of the self-thinning processes occurring within the main crown canopy of the emerging cohort. This would certainly be the case by 15 or 20 years following seed cutting in these stands. Interestingly, since two of the stands have a relatively low density of older seed trees still in place, the development model presented here may also serve as a useful interim guide for early stages of development within the young cohort of a two-aged community of northern hardwoods.
Overall, shelterwood cutting in old-growth Adirondack northern hardwoods on the Huntington Wildlife Forest produced a consistent pattern of development in the numbers and sizes of trees in the new cohort over time. The regression models presented here should provide a reasonable estimate of stand conditions during the ®rst quarter century of cohort development following even-aged reproduction method cutting in this forest type.
Conclusions
Data gathered for this study and the resulting regression equations depict early development of recently regenerated northern hardwoods through 26 years following shelterwood seed cutting, with and without overstory removal. Equations indicate the numbers and sizes of trees that managers can expect to ®nd at different times after seed cutting preceded by control of interfering woody understory and deer density. They serve as useful functions for modeling those conditions in emerging northern hardwood communities following similar treatments.
Competitive interactions between species often lead to common patterns of development within a forest type (Oliver and Larson, 1996) . Our ®ndings indicate that these shelterwood stands have moved along a common trajectory. Total stems peaked at around age 5, suggesting that few new individuals became established after that time. Total stems declined substantially thereafter, indicating that crown closure had led to strati®cation and high levels of mortality. The model suggests that saplings had peaked by age 22, and began to decline by age 26. The approach of using a combination of chronosequence and remeasurement data, as employed in this study, appears suitable for modeling long-term response functions in forestry.
